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(S4) PREPARATION OF POLYORGANOSILOXANE PARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently obtain a particle having a suitable 
particle size as a spacer for a liquid crystal display device by forming a seed particle 
by hydrolysis and condensation of a specific silicon compound under a specific pH 
condition and adding the silicon compound to the seed particle liquid thereby 
enlarging the seed panicle. 

SOLUTION: In preparing a poly organosiloxane particle by hydrolysis and 
condensation of a silicon compound of the formula, a pM of the reaction liquid is 
adjusted to 9.7-1 1 .7 when the reaction starts and the silicon compound is added to be 

hydrolyzed in an amount such that the pH is lowered by 0.7-1.5 to reach in the range R 1 nS i (OR 2 ) 

of 8.2-1 1.0 when the reaction is finished thereby forming a seed particle, then the 

reaction liquid is diluted to give a seed particle liquid, to which is added the silicon 

compound of the formula to enlarge the seed particle, the enlargement operation 

being carried out at least once. In the formula. Rl is a [(meth)aery loyloxy group or 

groupl-contaming 1-20C alky I. a 6-20C ary 1 or a 7-20C aralkyl; R2 is a 1-6C alky I: 

and (n) is 1-3. 
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* NOTICTS * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated b\ computer So the translation ma\ not reflect the original preciseK. 

2 **** s | lous t | lc uoa j whi c h can not be translated. 

3 In the drawings, am words are not translated. 

CLAIMS 
[Claim(s)| 

[Claim 1 1 Cieneral formula ( I ) 
RlnSi(OR2)4-n ... (I) 

the inside of a formula, and Rl - a non-adding water resolvability machine -- it is -- the alky! group of carbon numbers 1-20 
-- The alkyl group of the carbon numbers 1-20 which have a (meth)aeryloyloxy machine or an epoxy group. The 
ARUKIN1RU machine of carbon numbers 2-20. the aryl group of carbon numbers 6-20. or the aralk\ I machine of carbon 
numbers 7-20. the case where R2 shows the alk\ 1 group of carbon numbers I -6. n shows the integer of I -3. and there is two or 
more R I - ever\ - when you ma\ differ even if Rl is mutually the same, and there is two or more OR2. even if each OR2 is 
mutually the same, it may differ So that pi I of the reaction mixture at the time of (A) reaction start may be adjusted to 
9.7-1 1 .7 and this pM ma\ fall 0.7-1 .5 times in making the silicon compound expressed hydrolyze and condense and 
manufacturing a pol\ organosiloxane particle After setting up the amount of silicon compounds, performing the adding-water 
decomposition reaction in addition and pll at the time of a reaction end making a seed particle generate in 8.2-1 1.0, In the 
seed particle liquid manufacture process which dilutes this reaction mixture and is made with seed particle liquid, and the seed 
particle liquid obtained at this (B) (A) process The manufacture method of the pol\ organosiloxane particle characterized by 
giving the seed particle growth process of performing operation of adding the silicon compound expressed w ith the 
above-mentioned general formula (I), and growing up a seed particle, once or more. 

[Claim 2] (B) The method according to claim I of starting it. after adjusting the growth reaction of the seed particle in a 
process to pll 8.0 to 10.8 range. 

[Claim 3] It is relational expression (II) about the last particle diameter R after growth (micrometer), 
R r [K(M mH] One third ... (11) 

|. however r ^ the concentration (°o of the weight) of the silicon compound with which a seed particle diameter 
(micrometer) and K are used for the dilution scale factor of a seed particle, and M and m are used at the (B) process and the 
(A) process, respectively.] The method according to claim 1 or 2 of boiling, and following and controlling. 
[Claim 4] (A) The method according to claim 1. 2. or 3 of adding a Nonion nature surfactant in a process, in case a seed 
particle is made to generate. 

[Claim 5] The wa\ according to claim 4 a Nonion nature surfactant is the tiling of the 1ILB values (h\drophilic lipophilic 
property balance \alue) 8-20. 

[Claim 01 It is relational expression (III) about the last particle diameter R after growth (micrometer). 
R=C [JK(M m)* I ! x] One third ... (Ill) 

It is the constant as which [. however x are determined by the Nonion nature surfactant concentration (% of the weight) of a 
seed particle generate time, and C is determined b\ the reaction condition of a seed particle generate time, and K. M. and m 
are as having defined b\ relational expression (11).] The method according to claim 4 or 5 of boiling, and following and 
controlling. 

[Claim 7] A method given in the claim 1 whose silicon compounds expressed with a general formula (I) are methyl 
trimetox\ silane and or \ in\ Itrimetoxx silane. or an\ I term of 6. 

[Claim S] lhdrohsis. the manufacture method according to claim 1 to 7 of performing baking processing about the particle 
obtained after condensation. 



[Translation done.) 
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* NOTICHS * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I. This document lias been translated by computer, So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DLTAILFD INSCRIPTION 

[Detailed Description of the Invention] 
[000 1 ] 

[ The technical field to which invention belongs | this invention relates to the method of being a particle si/e (about 4-10 
micrometers) suitable as the spacer for liquid crystal displays, a standard particle, etc.. and manufacturing efficiently the 
polyorganosiloxane particle of mono dispersion [ particle size distribution ] in more detail so that the thing of a desired 
particle size may be obtained, about improvement of the manufacture method of a poly organosiloxane particle. 
[0002] 

[Description of the Prior Art] Although it is known conventionally that a mono dispersion-like silica particle (it may only be 
hereafter called a mono dispersion silica panicle) has a useful particle size distribution as various tillers, a ceramic raw 
material, etc.. recently the use as a spacer of a liquid cry stal display especially attracts attention, and it is beginning to be used. 

[0003] The particle of a glass fiber chip or synthetic resin has been conventionally used for the spacer of a liquid crystal 
display . However, although the glass fiber chip is excellent in the diameter precision of a fiber, its dispersion is large to the 
length, and a thing long to remainder has a possibility of it being viewed and falling quality of image, and has a possibility of 
damaging the orientation film fabricated on the substrate, a protective coat, a light filter, or electric element since the edge is 
sharp. Moreover, since particle-size precision is inferior, the particle of sy nthetic resin cannot fill the performance demanded 
as a spacer for liquid crystal displays. Therefore, when a more advanced gap precision is required, panic le-size precision is 
good and a thing without a possibility of damaging electric element, such as an orientation film formed on the substrate in the 
globular form, and a protective coat, a light filter or an I TO electric conduction film, is required. 

[0004] As what tills these demands, the silica particle obtained hy droly sis and by carrying out a poly condensation in the 
silicon alkoxide is proposed. (2) particle-size precision with little | this silica particle has high ( 1 ) purity , and ] influence on 
the liquid crystal by the elution component - good - lower - (3) which can make valve flow coefficient value (coefficient of 
variation) acquired by formula valve flow coefficient^ o) - [the standard deviation (micrometer) of the diameter of a particle] 
' [mean-particle-diameter (micrometer)] xlOO 10% or less -- since it can be made an almost perfect true sphere It has an 
advantage, like there is no possibility of damaging electric element, such as an orientation film formed on the substrate, and a 
protective coat, a light filter or an I TO electric conduction film. etc. 

[0005] Since the silica particle obtained according to hydrolysis and the poly condensation of a silicon alkoxide has the above 
advantages, many manufacture methods are proposed until now. for example, the method of making it react, holding a 
two-lay er state w ithout mixing the partially aromatic solv ent solution of the solution or the water, and the organic solvent 
containing methyl trialkoxy silane. its partial hydrolysis condensate, ammonia, or an amine on substance as the manufacture 
method of spherical poly methyl silsesquioxane is proposed (J P. 4-703 3 5. B). 

[0006] Howev er, in this method, although the particle size of the poly methy l silsesquioxane particle to generate is controlled 
by the ammonia in the lower layer at the time of preparation, or concentration of an amine, it has the problem that the path of 
the particle finally obtained does not turn into the target particle size even if it is easy to produce variation in ey e an indefinite 
hatchet and a generating particle nuclear number and generation of a nuclear particle reacts on reaction-of-identity conditions. 
For example, when manufacture is performed 10 times on the same conditions, about (about **2.0 micrometers) 40% of 
variation arises to the target particle size, in order to obtain the particle whose mean particle diameter is 5 micrometers. Thus, 
if a desired particle size is not obtained, the problem of being hard to use it for the spacer for liquid crystal displays as which 
the particle-size precision is required strictly will arise. 

[0007] Then, this invention persons repeated research about the method of manufacturing efficiently the polyorganosiloxane 
particle of mono dispersion [ particle size distribution | so that the thing of a desired particle size may be obtained, found out 
the method of making the alkoxy silane which has a non-adding water resoK ability machine under existence of a Nonion 
nature surfactant hydrohzing and condensing previousK. and applied for the patent (Japanese Patent Application No. No. 
23485^) | nine to ]). 

[0008] When according to this method manufacture of a polyorganosiloxane particle is repeated and is performed, the 
variation over the target particle size is 10% or less, and compared with the method of given [ aforementioned | in 
JP.4-T0335.B. the precision of particle-si/e control is improving sharply and is a desirable method. By the way. in recently, 
obtaining the polyorganosiloxane particle of a particle size (about 4-10 micrometers) suitable as a spacer use for liquid crystal 
displays with a sufficient particle-size precision is called for. 



http www4 ipdl jpo.go jp cgi-bm, tran web eg 



|00()9] 

[Problem(s) to be Solved by the Invention] this invention is the basis of such a situation, and it has a particle si/e (about 4-10 
micrometers) suitable as a spacer for liquid crystal displays especial!} . and it offers the method of manufacturing efficiently 
the polyorganosiloxane particle of mono dispersion [ particle size distribution ] so that the thing of a desired particle si/e may 
be obtained. 
[0010] 

[Means for Solving the Problem] In order that this invention persons may attain the aforementioned purpose, as a result of 
repeating research wholeheartedly, the silicon compound which the non-adding water resolvability machine and the alkoxyl 
group of adding-water resolvability combined with the silicon atom In case it is made to hydrolyze and condense in the water 
solution of ammonia or an amine, a adding-w ater decomposition reaction the specific first stage pH And by performing 
operation of diluting this, adding the above-mentioned silicon compound subsequently to this diluted solution, and growing 
up a seed particle, once or more, after carrying out until it became a value with the degree of fall of pH. and making a seed 
particle generate It finds otit that the purpose can be attained and came to complete this invention based on this knowledge. 
[001 1] That is. this invention is a general formula (I). 
RlnSi(OR2)4-n ... (I) 

the inside of a formula, and Rl — a non-adding water resolvability machine -- it is — the alky] group of carbon numbers 1-20 
— The alky I group of the carbon numbers 1-20 which have a (meth)acry loyloxy machine or an epoxy group. The 
ARUKliNIRU machine of carbon numbers 2-20. the aryl group of carbon numbers 6-20. or the aralkyl machine of carbon 
numbers 7-20, the case w here R2 shows the alky I group of carbon numbers 1-6. n show s the integer of 1-3. and there is two or 
more Rl - every - when you may differ even if Rl is mutually the same, and there is two or more OR2. even if each OR2 is 
mutually the same, it may differ So that pH of the reaction mixture at the time of (A) reaction start may be adjusted to 
9.7-1 1.7 and this pU may fall 0.7-1.5 times in making the silicon compound expressed hydroly/e and condense and 
manufacturing a polyorganosiloxane particle After setting up the amount of silicon compounds, performing the adding-water 
decomposition reaction in addition and pH at the time of a reaction end making a seed particle generate in 8.2-1 1 .0. In the 
seed particle liquid manufacture process which dilutes this reaction mixture and is made with seed particle liquid, and the seed 
particle liquid obtained at this (13) (A) process The manufacture method of the polyorganosiloxane particle characterized by 
giv ing the seed particle grow th process of performing operation of adding the silicon compound expressed w ith the 
above-mentioned general formula (I), and growing up a seed particle, once or more is offered. 

[0012] Moreover, it sets to the above-mentioned manufacture method, and the desirable mode for carry ing out this invention 
is relational expression (II) about the last particle diameter R after growth (micrometer). 
R-r [K (M m)- 1] One third ... (II) 

[. however r are the concentration (°<> of the weight) of the silicon compound with which a seed particle diameter 
(micrometer) and K are used for the dilution scale factor of a seed particle, and M and m are tised at the (B) process and the 
(A) process, respectively.] It is it being alike, and following and controlling. 

[0013] In the (A) process, in case a seed particle is made to generate, an IILB value adds the Nonion nature surfactant of 8-20 
preferably, and especially a desirable mode is relational expression (III) about the last particle diameter R after growth 
(micrometer). 

R=C MK(M m)- I* x] One third ...(111) 

It is the constant as which [. however x are determined by the Nonion nature surfactant concentration (°« of the weight) of a 

seed particle generate time, and C is determined by the reaction condition of a seed particle generate time, and K. M. and m 

are as having defined by relational expression (II).] It is it being alike, and following and controlling. 

[0014] Moreover, other desirable modes for carry ing out this invention are performing baking processing about the particle 

obtained after hydrolysis and condensation. 

|0015] 

[l-mbodiments of the Invention] It sets to the method of this invention and is a general formula (1) as a raw material. 
RlnSi(()R2)4-n ... (1) 

It comes out and the silicon compound expressed is used. 

[0016] In the above-mentioned general formula (I). Rl shows the alky I group of the carbon numbers 1-20 which have the 
alkyl group, (meth)acry loy loxy machine, or epoxy group of carbon numbers 1-20. the alkenyl machine of carbon numbers 
2-20. the aryl group of carbon numbers 6-20. or the aralkyl machine of carbon numbers 7-20. Here, as an alkyl group of 
carbon numbers 1-20. the thing of carbon numbers 1-10 may be desirable, and this alkyl group may be the shape of a straight 
chain, a letter of branching, and annular any. As an example of this alkyl group, a methyl group, an ethyl group, n-propyl 
group, an isopropyl machine, n-butyl. an isobutyl machine, a sec-butyl, a ten-butyl, a pentyl machine, a hexyl machine, an 
octy 1 machine, a ey elopenty lie group, a cyclohexyl machine, etc. are mentioned. As an alkyl group of the carbon numbers 
1-20 which have a ( meth )aery loy loxy machine or an epoxy group, the alky! group of the carbon numbers 1-10 which have the 
above-mentioned substituent may be desirable, and this alkyl group may be the shape of a straight chain, a letter of branching, 
and annular any. As an example of the alkyl group which has this substituent. gamma-aery loy loxy propy 1 machine, 
gamma-methacry loy 1 oxypropyl machine, gamma-gly eidoxy propy 1-group. 3. and 4-epo\yey clohexy 1 machine etc. is 
mentioned. As an alkeny I machine ot carbon numbers 2-20. the alkenyl machine of carbon numbers 2-10 mav be desirable, 
and this alkenyl machine may be the shape ot'a straight chain, a letter of branching, and annular anv. As an example of this 
alkenyl machine, a v iny I group, an ally 1 group, a butenyl group, a hexeny I machine, an octeny I group, etc. are mentioned. As 
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an aryl group of carbon numbers 6-20. the thing of carbon numbers 6-10 is desirable, tor example, a phenyl group, a tol\l 
group, a w M group, a naphthyl group, etc. are mentioned. As an aralkyl machine of carbon numbers 7-20. the thing of 
carbon numbers 7-10 is desirable, for example, a ben/yl. a phenethyl machine, a pheny Ipropyl machine, a naphthy I methyl 
group, etc. are mentioned. 

[001 7] On the other hand. R2 is the alky 1 group of carbon numbers I -6. >ou may be the shape of a straight chain, a letter of 
branching, and annular any. and a methy I group, an ethy 1 group, n-propy 1 group, an isopropyl machine. n-butyl. an isobutx 1 
machine, a sec-butyl, a tert-butyl. a pentyl machine, a hexyl machine, a ey clopenty lie group, a cyclohexyl machine, etc. are 
mentioned as the example, the case w here n is the integer of 1-3 and there is two or more Rl - every - Rl may be mutually 
the same, when you may differ and there is two or more OR2. each OR2 may be mutually the same, and you may differ 
[0018] As an example of a silicon compound expressed with the aforementioned general formula (I) Methyl trimetoxy silane. 
methyl triethoxysilane. MHCHIRUTORI propoxv silane. A methyl triisopropoxy silane. ethyl trimethoxy silane. 
ethyltriethoxysilane. Propyl triethoxysilane. butyltrimethoxy silane. phenyl trimethoxy silane. Phenyl triethoxysilane. 
\ inyltrimetoxy silane. v inv Itriethoxy silane. Gamma-glv cidoxy propyltrimetoxy silane. gamma-acry loy loxy prop} I 
trimethox\silane. gamma-methacrx lo\ I oxypropv 1 trimethoxysilane. dimetlnl dimethoxy silane. methy Iphenyl 
dimethoxy silane. etc. are mentioned. In these. especially metlnl trimetoxy silane and vinyltrimetoxy silane are suitable. In this 
invention, one sort of silicon compounds expressed with the aforementioned general formula (I) may be used as a raw 
material, and you may use combining two or more sorts. 

[0019] 1 he method of this invention consists of a (A) seed particle liquid manufacture process and a (B) seed particle growth 
process. 

[0020] (A) Set up the amount of silicon compounds expressed with the aforementioned general formula (I), perform a 
adding-water decomposition reaction, and pll after a reaction end makes a seed particle generate in 8.2- 1 1 .0 so that seed 
particle ******** m ay adjust pH of the reaction mixture at the time of a reaction start to ( ).7-l 1.7 in this (A) process and pH 
may fall 0.7-1.5 times. Thereby the degree of condensation of the generated seed particle serves as the desirable range of 
desired automatically. Since a seed particle advances w ith absorption of the hydroKsis condensate of a raw material, if the 
growth reaction of the seed particle in the following process [(B) Process] has the too high degree of condensation of a seed 
particle, absorption of the hydrolysis condensate of a raw material w ill stop being able to happen easily, a deposit into the 
s\stem of reaction of this hydrolysis condensate w ill occur, and it w ill become w ith the cause of particle generating of those 
other than a seed particle. Furthermore, if the degree of condensation increases. hydrophobing on the front face of a particle 
w ill progress, and it w ill become the cause of the maldistribution of a particle. Moreover, w hen the degree of condensation is 
too low . during grow th of a seed particle, coalescence-i/ation of particles takes place and particle size distribution become 
bad. Next, after doing in this way and making a seed particle generate, this reaction mixture is diluted with an aquosity 
medium so that a dilution scale factor may become about 2 to 200 times, and seed particle liquid is prepared. At this time, 
when the direction diluted without newly adding a catalyst component does not generate a new nuclear particle in the growth 
reaction shown below, it is desirable. In addition. Above pll is all a value in 30 degrees C. 

[0021] In this process, in order to understand the silicon compound expressed with the aforementioned general formula (I) an 
added water part and to make a seed particle generate, the method of hydrolyzing this silicon compound and making it 
condense is usually used for the bottom of existence of ammonia and or an amine aquosity solution. Under the present 
circumstances, ammonia and the amine which are used are the catalyst of the hydrolysis and the condensation reaction of this 
silicon compound Here, as an amine, monomethy lamine. a dimethy lamine. a monoethyl amine, a dietln lamine. 
etln lenediamine. etc. can be mentioned preferably for example. Although this ammonia and amine may be used 
independent!} and you may use combining two or more sorts, there is little toxicity, removal is easy, and since it is cheap, 
ammonia is suitable. 

[0022] Moreover, as ammonia and or an amine aquosity solution, the solution w hich dissolved ammonia and or the amine in 
the partially aromatic solvent of water or water, and the water miscibility organic solvent is mentioned. Here, as an example ot 
the water miscibility organic solvent, ketones, such as lower alcohols, such as a methanol, ethanol. propanol, and a butanol. 
and an acetone, are mentioned. These may be independent!) mixed with water and may be mixed with water combining two 
or more sorts. 

[0023] this invention — setting - the amount of this ammonia and amine used — pH (first stage pll) of the water lax er at the 
time of a reaction start -- 0.7-1 1 .7 — it is selected so that it may become the range of 0.7-1 1 .2 preferably If the first stage pH 
deviates from the above-mentioned range, the purpose of this invention will not full) be reached. Although there is especially 
no limit as a reaction form in this (A) process and both mixed homogeneous reaction and a two-layer system reaction can be 
used, the particle which was excellent in particle-si/e precision with small valve How coefficient value is obtained upwards, 
and the two- layer system is more advantageous. 

[0024] while mixing and agitating the silicon compound expressed with the aforementioned general formula (I), and ammonia 
and or an amine content aquosity solution in the above-mentioned mixed homogeneous reaction - a mixed homogeneous 
system — the first stages O.^-pH 1 1.7 — it is 0.7-1 1.2 preferably, and a adding-water decomposition reaction is carried out 
until PH falls 0. 7 -l.5 times, and pll at the time of a reaction end makes a seed particle generate in 8.2-1 1.0 Although the 
reaction temperature in this case is influenced by the kind of silicon compound of a raw material etc.. generally it is chosen in 
0-50 degrees C. 

[0025] On the other hand, in a two-layer system reaction, that whose specific gravity (23 degrees C) of the independent object 
expressed with the aforementioned general formula 1 1 > or mixture is one or less as a silicon compound of a raw material is 
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used first -- while holding a two-layer state, without mixing this silicon compound with ammonia and or an amine content 
aquosit} solution on parenchyma -- the first stages 9.7-pH I 1 .7 -- it is 9.7-1 1 .2 preferably, and a adding-water decomposition 
reaction is carried out by the interface until pH falls 0.7-1.5 times 

[0026] In this reaction, it is required to agitate quietly so that a two-layer state may be held, without mixing a silicon 
compound, and ammonia and an amine solution layer on parenchyma. Therein, the upper silicon compound is understood an 
added water part, and a seed particle generates [ pll at the time of a reaction end ] in 8.2-1 1 .0. Although the reaction 
temperature in this case is influenced by the kind of silicon compound of a raw material etc.. generally it is chosen in 0-50 
degrees C. 

[0027] Thus. by the reaction of a mixed homogeneous system or a two-layer system, after making a seed particle generate, a 
dilution scale factor is desirable, reaction mixture is diluted with an aquosit) medium so that it may increase 5 to 100 times 
more preferably two to 200 times, and seed particle liquid is prepared, I 'nder the present circumstances, as an aquosit) 
medium used for dilution, although the partial 1\ aromatic so Kent of water or water, and the water miscibility organic solvent 
is used, it is desirable to use the same thing as what was used as a reaction medium in the aforementioned adding-water 
decomposition re action. 

[0028] In this invention, in this (A) process, in case the silicon compound expressed with the aforementioned general formula 
(I) is made to hydrolyze and condense and a seed particle is made to generate, it is desirable to make it hydroK/e and 
condense under existence of the ammonia containing a Nonion nature surfactant and or an amine aquosity solution. 
(0029] Thus, by making a Nonion nature surfactant contain, it is relational expression (IV) about the particle size r of a seed 
particle (micrometer), 
r C-x-1 3 ... (IV) 

It becomes possible to be alike and to control therefore, x is the concentration (% of the weight) of the Nonion nature 
surfactant in this aquosit) solution here. Moreover. C is a constant and is determined by the kinds (for example. MLB value 
etc.) and reaction conditions of the Nonion nature surfactant to be used (for example, concentration. pH, etc. of the ammonia 
in this aquosit) solution, and or an amine). 

[0030] It asks for this C beforehand and it should just determine the value (Nonion nature surfactant concentration in an 
aquosit) solution) of x from a desired particle size and the desired C v alue of a seed panicle in manufacture of an actual seed 
particle by preliminary experiment based on the aforementioned relational expression (IV). As this x. although based also on 
the kind of Nonion nature surfactant, generally it is chosen in 10-5 to 5x10 to 2°o of the weight of the range. It is a book when 
this surfactant concentration deviates from the above-mentioned range. 

[003 1] In this invention, what has an HLB value in the range of 8-20 is preferably used as this Nonion nature surfactant. This 
MLB is an index showing the balance of a hvdrophilie property and lipophilic property, and its lipophilic propert) is so high 
that the value is small. At that by which an HLB value deviates from the above-mentioned range, it is a book. In order to more 
often demonstrate the effect of this invention, especiall) the thing that has an HLB value in the range of 10-17 is desirable. 
[0032] That w hat is necessary is just w hat has an HLB value in the above-mentioned range as this Nonion nature surfactant It 
is not restricted especiall) . f or example, polyoxvethy lene alky 1 ether, polyoxyethylene alkyl phenyl ether. The 
polvoxyethylene sterol ether, a polvoxyethylene lanolin derivative. The ethyleneoxide derivative of an alkylpheno! formalin 
condensate, a polyoxyethylene polyoxypropylene blockpoly mer. Lther type Nonion nature surfactants, such as 
polyoxvethvlene polyox\ propylene alkyl ether. Polyoxyethylene glycerine tatty acid ester, the polyoxyethylene castor oil. and 
hvdrogenated castor oil. Lther ester type Nonion nature surfactants, such as polyoxyeth) lene sorb i tan tatty acid ester and 
polvoxyetlnlene sorbitol tatty acid ester. Polyethylene glycol tatty acid ester, polyglycenl fatty acid ester. A sorbitan fatty 
acid ester, propylene glycol fatty acid ester. Although nitrogen-containing mold Nonion nature surfactants, such as ester type 
Nonion nature surfactants, such as sucrose tatty acid ester, polyoxyethylene fatty acid amide, poly ox\eth\ lene alkylamine. 
and an alkvlamine oxide, etc. are mentioned An ether type is desirable in these and especially polyoxyethylene alky 1 phenyl 
ether is suitable. These Nonion nature surfactants may be used independently and may be used combining two or more sorts. 
[0033] (B) This (B) process is a process which performs operation ot adding the silicon compound expressed with the 
aforementioned general formula (I) by the seed particle liquid obtained at the above-mentioned (A) process, and growing up a 
seed particle, once or more like seed particle ******. As a reaction form in this process, there is especially no limit and both 
mixed homogeneous reaction and a two-layer system reaction can use it like the aforementioned (A) process. In mixed 
homogeneous reaction, adding and agitating the silicon compound expressed with a general formula (I) by the seed particle 
liquid obtained at the abo\e-mentioned (A) process, it is made to react by the mixed homogeneous system, and a seed particle 
is grown up. Although the reaction temperature in this case is influenced by the kind of silicon compound of a raw material 
etc.. generalK it is chosen in 0-50 degrees C. A halt of a reaction can be performed by adding ammonia and or an amine to the 
sy stem of reaction. 

[0034] Since the proper addition time of this ammonia and amine is influenced by the kind of raw material, reaction 
temperature, pll. etc., it is desirable to investigate the relation between the kind of raw material, reaction temperature. pH. etc. 
and proper addition time in preliminary experiment, and to add ammonia and an amine beforehand, at proper time using this. 
On the other hand, in a two-layer system reaction, that whose specific gravity (23 degrees C) of the independent object 
expressed with the aforementioned general formula ( I ) or mixture is one or less is used like the two-layer system reaction ot 
the (A) process as a silicon compound of a raw material. 

[0035] At this two-laver system reaction, it is required for a silicon compound and seed particle liquid to agitate quietly, 
without mixing on substance, so that a two-layer state may be held. By this, the upper silicon compound is understood an 
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added water part, and shifts to a lower layer, and a seed particle grows there. Although the reaction temperature in this case is 
influenced by the kind of silicon compound of a raw material etc.. generally it is chosen in 0-50 degrees C. In this two-layer 
system reaction, after the upper layer disappears, it is advantageous to add ammonia and or an amine to the system of 
reaction, and to stop a reaction, 

[0036] It is relational expression (11) about the particle diameter K of the poly organosiloxane particle finally aftergrowth 
obtained in the two-layer system reaction in the method of such this invention (micrometer). 
R r [K (M m) - I ] One third ... (II) 

[. however r are the concentration (°o of the weight) of the silicon compound with which a seed particle diameter 
(micrometer) and K are used for the dilution scale factor of a seed particle, and M and m are used at the (B) process and the 
(A) process, respectively.) Since it can be alike and can follow and control, the poly organosiloxane particle which has a 
desired particle size can be manufactured very easily. That is. the particle diameter after growth is determined by the 
concentration of the silicon compound used at the particle size of the seed particle in the seed particle liquid obtained at the 
(A) process, the dilution scale tactor of a seed particle, the (A) process, and the (B) process. 

[0037] ({specially, when a Nonion nature surfactant is used in generation of the seed particle in the (A) process, the particle 
size of a seed particle is decided by the concentration x (% of the weight) of a Nonion nature surfactant according to relational 
expression (IV). as described above. Therefore, the particle size R of the poly organosiloxane particle aftergrowth finally 
obtained (micrometer) is relational expression (III). 
R-C [)K(M m)H ! x] One third ...(111) 

[. how ev er C are constants determined by the reaction condition of a seed particle generate time, and k. M, m. and x are as 
having given the definition above.] It can be alike, can follow and control and is advantageous. That is. if it is beforehand 
asked to have described the constant C above by preliminary experiment, even if it does not measure purposely the particle 
size of the seed particle obtained at the (A) process, the particle size of the pol\ organosiloxane particle after growth is 
controllable. 

[0038] In addition, when the range of pll in the above-mentioned (A) process uses a catalyst with small ionization degree, 
such as ammonia, also in 30 degrees C. it is desirable to adjust to optimal pH by reaction temperature with temperature, since 
pH changes and the range of pH suitable for the growth reaction in this (B) process also changes according to the change also 
by the same catalyst concentration, although it is well-known. In 30 degrees C. pH 8.0-10.8 is desirable. 
[003°-] In this invention, after (B) process end. if required after fully washing the particle generated according to the 
conventional method, classification processing will be performed, a large drop child or the minimum particle is removed very 
much, and dryness processing is performed. Although there is especially no limit as a classification art. the wet-classification 
method for performing a classification using settling velocity changing with particle size is desirable. Dryness processing is 
usualK performed at the temperature of the range of 100-200 degrees C. In this inv ention, condensation of a particle does not 
arise on substance in this dryness processing. 

[0040] A poborganosiloxane particle may cany out baking processing if needed, in order to obtain compressive strength 
required as a spacer for liquid crystal equipments. It is desirable to perform especially this baking processing at the 
temperature of the range of 300-800 degrees C the bottom of inert atmospheres, such as nitrogen, or into a v acuum 200-1000 
degrees C. The grain child who compressive strength sufficient at less than 200 degrees C may not be obtained, and exceeds 
1000 degrees C max become hard too much, and this temperature is not desirable. W hen processing at comparatively low 
temperature in the abov e-mentioned burning-temperature range when it has the organic machine which depends for on the 
kind of organic machine which constitutes a particle and which is easy to pyrolyze has the organic machine which is hard to 
pyrolyze desirably and on the contrary, as for selection of burning temperature, it is desirable to process at an elevated 
temperature In above-mentioned burning-temperature within the limits. Anyway, what is necessary is just to select the 
optimal conditions according to needed disruptive strength and elastic modulus. Moreover, although there is especially no 
limit about baking equipment and an electric furnace, rot an kiln. etc. can be used, calcinating in the rotary kiln which can stir 
a particle is advantageous. 

[0041 ] 3-15 micrometers of mean particle diameters are usualK 4-10 micrometers preferably, and the coefficient of variation 
(v alv e flow coefficient value) of particle size distribution is usualK 2.5% or less, and the pob organosiloxane particle obtained 
by the method of such this invention is a monodisperse particle of a true spherical. In addition, coefficient of variation (valve 
flow coefficient value) is called for by the lower formula. 

valve flow coefficient value (%) (standard deviation mean particle diameter of particle size) xlOO. [0042] 

[ I-\ample | Next, although an example explains this invention to a detail further, this invention is not limited at all by these 

examples. In addition, pll of an example and the example of comparison is a value in 30 degrees C. 

[0043] Putting in 250ml of aqueous ammonia solutions adjusted to pll 10.0. and agitating this by about 60 rpm with magnetic 
churning equipment, methyl trimetoxy silane 25g was slowly added to the plastic envelope of 300ml of example 1(1) seed 
particle liquid manufacture processes, and the methvl trimetoxy silane layer was made to form in it at the upper layer. 
Subsequently, this was agitated until the upper layer disappeared completely at 30 degrees C. and the seed particle was made 
to generate. I'nder the present circumstances, pll of reaction mixture was 0.~\ In order to measure the particle size ot this seed 
particle, after having taken reaction mixture a little, adding aqueous ammonia 25% of the weight and riping. when 
particle-size measurement was performed by the Coulter counter, valve How coefficient value was 2.0% in 2.43 micrometers 
of mean particle diameters. Seed particle liquid was prepared by diluting the above-mentioned reaction mixture so that it may 
become one 20 times the dilution scale tactor of this with pure water, pll in this case was 0.5. 
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[0044] (2) Putting 51. ofseed panicle liquid prepared bv the seed particle growth process above ( 1 ) into a reaction container 
with churning equipment, and agitating it by 20rpm. methyl trimetoxvsilane 5()0g was added slow K and the methv 1 
trimetoxvsilane laver was made to form in the upper laver. After agitating until the upper laver disappears completely at 30 
degrees C. 20ml of aqueous ammonia was added 20% of the weight, and the reaction was terminated. Thus, when the particle 
size of the obtained particle was measured, \al\e flow coefficient value was 1.8% in ^.10 micrometers of mean panicle 
diameters. In addition, the panicle si/e which substituted and computed the seed particle diameter and the reaction condition 
to the aforementioned relational expression (11) is 9.05 micrometers, and was earning out simultaneous!) coincidence with 
the experimental value. 

[0045] Putting in 250ml of aqueous ammonia solutions adjusted to pH 1 1.8. and agitating this by about 60 rpm w ith magnetic 
churning equipment, methvl trimetoxv si lane 25g was slowly added to the plastic envelope of 300ml of example of comparison 
1(1) seed panicle liquid manufacture processes, and the methyl trimetoxvsilane laver was made to form in it at the upper 
layer. Subsequently, this was agitated until the upper laver disappeared complete!) at 30 degrees C. and the seed particle was 
made to generate. Under the present circumstances. pH of reaction mixture was 10.6. In order to measure the particle si/e of 
this seed particle, after having taken reaction mixture a little, adding aqueous ammonia 25% of the weight and riping, when 
particle-si/e measurement was performed bv the Coulter counter, valve flow coefficient value was 2.3% in 2.0 micrometers of 
mean particle diameters. Seed particle liquid was prepared by diluting the above-mentioned reaction mixture so that it mav 
become one 20 times the dilution scale factor of this w ith pure water, pi I in this case was 10.4. 

[0046] (2) Putting 51. ofseed particle liquid prepared by the seed particle growth process above ( I ) into a reaction container 
with churning equipment, and agitating it by 20rpm. methyl trimetoxvsilane 500g was added slowly and the methyl 
trimetoxv silane laver was made to form in the upper laver. After agitating until the upper laver disappears completely at 30 
degrees C. 20ml of aqueous ammonia was added 25% of the weight, and the reaction was terminated. Thus, when the particle 
size of the obtained particle was measured, two kinds of particles of 1.9% of valve How coefficient values were generating by 
3. 1 micrometers of mean particle diameters by 2.0° o of valve flow coefficient values, and 5.0 micrometers of mean particle 
diameters. In addition, the particle size which substituted and computed the seed particle diameter and the reaction condition 
to the aforementioned relational expression (II) is 5.6 micrometers, and the experimental value and the big difference were 
found. 

[0047] Putting in 250ml of aqueous ammonia solutions adjusted to pH 9.6, and agitating this by about 60 rpm w ith magnetic 
churning equipment, methvl trimetoxv silane 25g was slowly added to the plastic envelope of 300ml of example of comparison 
2( 1 ) seed particle liquid manufacture processes, and the methyl trimetoxv si lane laver was made to form in it at the upper 
laver. Subsequently, this was agitated until the upper laver disappeared completely at 30 degrees C. and the seed particle was 
made to generate. Under the present circumstances. pH of reaction mixture was 8.4. In order to measure the particle size of 
this seed particle, after having taken reaction mixture a little, adding aqueous ammonia 25% of the w eight and riping. w hen 
particle-size measurement was performed by the Coulter counter, valve flow coefficient value was 3.1% in 2.7 micrometers of 
mean particle diameters. Seed particle liquid was prepared by diluting the above-mentioned reaction mixture so that it mav 
become one 20 times the dilution scale factor of this with pure water, pll in this case was 8.2. 

[0048] (2) Putting 51. ofseed particle liquid prepared by the seed particle growth process above ( 1 ) into a reaction container 
with churning equipment, and agitating it by 20rpm, methyl trimetox) silane 500g was added slowly and the methvl 
trimetoxv silane laver was made to form in the upper laver. After agitating until the upper laver disappears complete!)" at 30 
degrees C, 20ml of aqueous ammonia was added 25% of the w eight, and the reaction w as terminated. Thus, when the particle 
size of the obtained particle was measured, bv 7.4 micrometers of mean particle diameters, v alv e flow coefficient v alue was 
4. 1%. coalescence-ization of a seed particle and the particle under growth took place into the reaction, and the large particle 
of a particle size distribution w as obtained. 

[0049] Putting in 250ml of aqueous ammonia solutions adjusted to pl l 10.6 containing pol\ oxyethv lene-alk) l-ether svstem 
[Dai-Ichi kogvo Seivaku Co., Ltd. make, tradename. no\ gene MA- 1 37. and Surfactant HUB] 13 0.00005 % of the weight, and 
agitating this b\ about 60 rpm with magnetic churning equipment, methvl trimetoxv silane 25g was slowiv added to the plastic 
envelope of 300ml of calculation of the example 2( I ) constant C. and the methvl trimetoxvsilane laver was made to form in it 
at the upper laver. Subsequently, after agitating this until the upper laver disappears complete!) at 30 degrees C. aqueous 
ammonia w as added 25% of the w eight, and the reaction w as terminated. 

[0050] The result which the concentration of nov gene HA- 137 was changed and performed the above-mentioned operation is 

shown below. 

[0051] 

concentration (% of the weight) of nov gene HA- 137 0.00005 0.0001 0.0001 5 0.0002 Mean particle diameter ( micrometer) of 
a generation particle 2.70 2.171 .88 1 .6°- - it was C 0AW when it asked for the constant C from this result from the 
relational expression (IV) of the concentration of a surfactant, and the mean particle diameter of a generation particle 
[0052) (2) Putting in 250ml of aqueous ammonia solutions adjusted to pll 10.6 containing polvoxvethv lene-alk) l-ether svstem 
surfactant | Dai-Ichi Kogvo Seivaku Co.. ltd. make and tradenamemov gene U\-137| 0,0001 % of the weight, and agitating 
this bv about 60 rpm with magnetic churning equipment, methv I trimetoxvsilane 25g was slow 1\ added to the plastic envelope 
of 300ml ofseed particle liquid manufacture processes, and the methvl trimetoxvsilane laver was made to form in it at the 
upper laver. Subsequent!) . this was agitated until the upper laver disappeared completelv at 30 degrees C. and the seed 
particle was made to generate. Under the present circumstances, pll of reaction mixture was l M. Seed particle liquid was 
prepared bv diluting the above-mentioned reaction mixture so that it mav become one 20 times the dilution scale factor of this 
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with pure water. pH in this case was 0.2 

[0053 J (3) Putting 51 of seed particle liquid prepared b\ the seed particle growth process abo\e (2) into a reaction container 
with churning equipment, and agitating it b\ 20rpm. methvl trimetoxv si lane 5()()g was added slowlv and the methvl 
trimetox} silane laver was made to form in the upper laver. After agitating until the upper laver disappears completeK at 30 
degrees C. 20ml of aqueous ammonia was added 25° o of the weight, and the reaction was terminated. Thus, when the particle 
size of the obtained particle was measured, valve flow coefficient value was 1.8°o in 4.85 micrometers of mean particle 
diameters, in addition, the panicle size which substituted and computed C - 0.009 and the reaction condition for which it 
asked previously to the aforementioned relational expression (111) -- 4.80 micrometers -- it is -- about [ an experimental value 
and ] — I was doing one 

[0054] In the seed particle liquid manufacture process in example 3 example 2. the dilution scale factor was changed 40 times 
from 20 times, and it carried out like the example 2 except hav ing set pll of the seed particle liquid after adjustment to 0.0. 
Consequently, the particle whose valve flow coefficient value is 1.7% in 5.85 micrometers of mean particle diameters was 
obtained, in addition, the particle size which substituted and computed C 0.000 and the reaction condition for which it asked 
previously to the aforementioned relational expression (111) - 5.88 micrometers - it is -- about [ an experimental value and ] 
-- 1 was doing one 

[0055] Putting in 250ml of aqueous ammonia solutions adjusted to pH 10.6 containing polyox\ eth\ lene-alk} 1-ether system 
surfactant [Oai-lchi Kogyo Seiyaku Co.. Ltd. make and tradenamemoy gene HA- 137] 0.00005 % of the weight, and agitating 
this bv about 60 rpm w ith magnetic churning equipment. vinyltrimetoxysilane 25g was slowly added to the plastic envelope of 
300ml of example 4( I ) seed particle liquid manufacture processes, and the vinv ltrimetox} silane layer was made to form in it 
at the upper layer. Subsequent!} . this was agitated until the upper layer disappeared completely at 30 degrees C. and the seed 
particle w as made to generate. Under the present circumstances. pH of reaction mixture w as 9.4. In order to measure the 
particle size of this seed particle, after having taken reaction mixture a little, adding aqueous ammonia 25% of the weight and 
riping. when particle-size measurement was performed by the Coulter counter, valve flow coefficient value was 2.0% in 1.48 
micrometers of mean particle diameters. Seed particle liquid was prepared by diluting the above-mentioned reaction mixture 
so that it may become one 20 times the dilution scale factor of this with pure water. pH in this case was 0.2. 
[0056] (2) Putting 51. of seed particle liquid prepared by the seed particle growth process abov e ( 1 ) into a reaction container 
with churning equipment, and agitating it by 2()rpm, vinyltrimetox) silane 500g was added slowly and the vinyltrimetoxysilane 
layer was made to form in the upper layer. After agitating until the upper layer disappears completely at 30 degrees C. 20ml 
of aqueous ammonia was added 25% of the w eight, and the reaction w as terminated. Thus, w hen the particle size of the 
obtained particle w as measured, valve flow coefficient value w as 1 .8% in 4.07 micrometers of mean particle diameters. In 
addition, the particle size which substituted and computed the seed particle diameter and the reaction condition to the 
aforementioned relational expression (II) is 4.06 micrometers, and was carrying out simultaneously coincidence with the 
experimental value. 

[0057] Putting in 250ml of aqueous ammonia solutions adjusted to pH 10.0. and agitating this by about 60 rpm w ith magnetic 
churning equipment, methyl trimetoxv silane 25g was slow ly added to the plastic envelope of 300ml of manufacture processes 
of an example 5( I ) seed particle, and the methyl trimetoxysilane layer was made to form in it at the upper layer. Subsequently, 
this was agitated until the upper layer disappeared completely at 30 degrees C. and the seed particle was made to generate. 
Under the present circumstances. pH of reaction mixture w as 0.7. In order to measure the particle size of this seed particle, 
after having taken reaction mixture a little, adding aqueous ammonia 25% of the weight and riping. when particle-size 
measurement was performed bv the Coulter counter, valv e How coefficient value was 2.0% in 2.43 micrometers of mean 
particle diameters. 

[0058] (2) The seed particle liquid obtained by the seed particle growth process above ( 1 ) was diluted so that it might become 
one 5 times the dilution scale factor of this with pure water. pH in this case was 0.6. Among these, agitating 250ml by about 
60 rpm with magnetic churning equipment, metlnl trimetoxv silane 25g was added slowK and the methyl trimetoxv silane laver 
was made to form in the upper laver. This was agitated until the upper laver disappeared complete!} at 30 degrees C. and it 
considered as the 2nd seed liquid. pH of this 2nd seed liquid was 0.5. In order to measure the particle size of this 2nd seed 
particle, after having taken reaction mixture a little, adding aqueous ammonia 25% of the weight and riping. when 
particle-size measurement was performed b\ the Coulter counter, valve flow coefficient value was 1.0% in 4.36 micrometers 
of mean particle diameters. Moreover, the particle diameter which substituted and computed the seed particle diameter and 
the reaction condition to the aforementioned relational expression (II) is 4.42 micrometers, and carried out simultaneous!} 
coincidence with the experimental value. 

[0050] Next, the above-mentioned 2nd seed particle liquid was diluted so that it might become one 10 times the dilution scale 
factor of this with pure water, pll in this case was 0.3. Among these, agitating 25()ml b\ about 60 rpm with magnetic churning 
equipment, methvl trimetoxv silane 25g was added slowlv and the metlnl trimetoxv silane la}er was made to form in the upper 
kner. After hav ing agitated this until the upper !a}cr disappeared complete!} at 30 degrees C. adding aqueous ammonia 25% 
of the weight and riping. when particle-size measurement was performed bv the Coulter counter, valve flow coefficient value 
was 1.7% in 0.71 micrometers of mean particle diameters. Moreover, the particle diameter which substituted and computed 
the 2nd seed particle diameter and the reaction condition to the aforementioned relational expression (II) is 0.82 micrometers, 
and was earning out simultaneous!} coincidence with the experimental value. 

[0060] Baking processing was carried out under the condition which shows the poKorganosiloxane particle obtained in the 
six to example !() examples 1-5 in fable 1, and the baking poKorganosiloxane particle was obtained. 
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[0062] The poly organosiioxane particle obtained after baking has a disruptive strength as shown in Table I. and became clear 

[ that it is suitable especially as a spacer for liquid crystal display s ]. 

[0063] 

[ lifted of the Invention] According to the method of this invention, it is a comparatively big particle si/e (about 4-10 
micrometers), and the polyorganosiloxane particle of mono dispersion [ particle size distribution ] can be efficiently 
manufactured so that the thing of a desired particle size may be obtained. The polyorganosiloxane particle obtained by the 
method of this invention is suitable as the spacer for liquid crystal displays, a standard particle, etc. 
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